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Abstract
Precise measurements of B meson decays are important to test the ﬂavour sector of the Standard Model and to
search for New Physics. New Physics models predict contributions beyond the Standard Model that may change
observables like branching fractions by a measurable amount. For instance, a new charged current, as for example
predicted in two-Higgs-Doublet-Models, can occur in tree-level as well as in loop or box diagrams and interfere with
the weak charged current of the Standard Model.
The Belle experiment collected a dataset of 977 fb−1, mainly recorded at the Υ(4S) resonance, and provides an
excellent environment to study decays of B and Bs mesons.
We discuss measurements of the branching fractions of the tree level decays B→ τν and B→ D(∗)τν. In addition,
we measure the forward-backward asymmetry in the inclusive decay B → Xs+− and search for a signiﬁcant, New
Physics induced, time-dependent CP violation in B → ηKS γ. The branching fraction of Bs → φγ is measured and
searches for Bs → γγ and further, a Dark Photon from a secluded sector are carried out on.
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1. Introduction
So far, the Standard Model (SM) describes nature
with an impressive accuracy, however, the hierarchy
problem or the lack of dark matter candidates lead to
physics beyond the SM. Thus it is crucial to search for
New Physics (NP) beyond the SM in order to complete
our picture of natures ingredients. A direct way to detect
new particles is by on-shell production. However, the
NP energy scale might be out of reach for today’s par-
ticle accelerators like the LHC. A complementary ap-
proach are precision measurements of well known SM
processes; If NP contributions occur e. g. in box or loop
diagrams and interfere with the SM currents, observ-
ables like angular distributions or branching fractions
can change.
Searches for NP at tree level are presented for the
decays B → τν and B → D(∗)τν and the results are
interpreted in terms of 2 Higgs-Doublet-Models. Fur-
thermore, the forward-backward asymmetry in B →
Xs+−, the branching fractions of Bs → γγ and Bs →
φγ are measured and a search for CP violation is carried
out for the decay B→ ηKS γ to investigate NP contribu-
tions at loop and box level.
In addition a search for dark photons is carried out on
the entire Belle data set.
The Belle detector [3], located at the KEKB e+e− ac-
celerator in Tsukuba (Japan) provides a clean environ-
ment to study such B or Bs decays in e+e− collisions.
In its ten years of operation Belle recorded data corre-
sponding to an integrated luminosity of 977 fb−1, mainly
at the Υ(4S) and Υ(5S) resonances, corresponding to
770 × 106 and 7 × 106 BB¯ and BsB¯s pairs, respectively.
2. B → τν
The decay B → τν is less helicity suppressed than
the B decays to eν and μν ﬁnal states because of the
mass of the τ lepton. Nevertheless, the decay of the
τ lepton makes it challenging since in the τ decay
one (hadronic decay) or two (leptonic decay) neutri-
nos are produced, leading to a ﬁnal state with up to
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three neutrinos. There have been several analyses by
the Belle [12, 14] and BABAR[18, 6] collaborations us-
ing hadronic and semileptonic tag methods, i. e. one B in
the BB event is reconstructed in an hadronic or semilep-
tonic channel. The average of those branching fraction
is B (B→ τν) = (1.65 ± 0.34) × 10−4 [8], whereas the
SM predicts a lower value of
(
0.74+0.09−0.07
)
× 10−4 [13].
One Bmeson in the event – called Btag– is fully recon-
structed in a hadronic channel by a full reconstruction
algorithm. The latest hadronic tag analysis [11] uses the
full Belle dataset as well as an improved full reconstruc-
tion algorithm, leading to a three times larger sample of
tagged B events than in the previous Belle hadronic tag
analysis. Due to the known initial conditions at Belle,
the charge, ﬂavour and four-momentum of the second B
meson (Bsignal) can be inferred from the Btag. The decay
of the Bsignal can then be analysed separately.
The ﬁnal states of the τ decay from the Bsignal are νν,
πν and ρ(ππ0)ν, with  = e, μ. Events with additional
tracks or neutral pions are rejected. For signal extraction
a 2D binned maximum likelihood (ML) ﬁt is performed
in EECL and m2miss, where EECL is the residual energy in
the detector after subtracting energy deposits assigned
to the Btag and Bsignal decay products and m2miss is the
squared missing four-momentum p2miss = (ptot − ptag −
psig)2.
Signal events are expected to have no additional en-
ergy deposits whereas background may have larger val-
ues of EECL, e. g. from non reconstructed neutral pions.
For the τ decays to leptonic ﬁnal states, high values of
m2miss are expected due to the three neutrinos, while the
hadronic ﬁnal states have smaller values. Background
events are found to have intermediate m2miss values be-
cause – after passing the requirement of a single track
on the signal side – these events typically mimic real
missing mass due to wrongly reconstructed or miss-
ing tracks. To pass the single track requirement, these
events typically have missing tracks and therefore re-
sult in missing momentum. The m2miss is found to have
a small correlation with EECL. Both distributions are
shown in Fig. 1. A veto against long-lived neutral kaons
is applied, which thereby increases the signal sensitivity
by 5%.
The eﬃciency and measured signal yield are 1.12 ×
10−3 and 62+23−22(stat)±6(sys) events, respectively, corre-
sponding to a branching fraction of
B (B→ τν) =
(
0.72+0.27−0.25(stat) ± 0.11(sys)
)
× 10−4 .
This result is compatible with the prediction by the SM
and reduces the world average value to B (B→ τν) =
(1.14± 0.22)× 10−4 [8], i. e. lowers the tension between
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Figure 1: Projections obtained in the ML ﬁt in EECL (left) and m2miss
(right, for EECL < 0.2GeV). Data points are shown in black with
error bars, the dotted blue line is the sum of all backgrounds and red
is the signal. The sum of all considered ﬁnal states is shown.
SM prediction and the world average value to less than
2σ.
3. B → D(∗)τν
An excess of B → D(∗)τν events above the SM
has been found by both, the Belle and BABAR collab-
orations. Measurements were done with semileptonic
and hadronic tagging methods. To reduce theoreti-
cal and systematic uncertainties, the ratios R(D(∗)) =
B→D(∗)τν
B→D(∗)ν are measured. The published Belle measure-
ments [17, 9] are performed using an inclusive tag and
extracting the signal in a 2D maximum likelihood ﬁt in
tag mass and momentum of the D or D∗ meson. A pre-
liminary hadronic tag analysis [4] is also available. The
signal was extracted in a 2D ﬁt to the EECL and m2miss dis-
tributions. All these Belle measurements use less than
85% of the full Belle dataset.
Looking at charged and neutral B mesons, as well
as D and D∗ separately, each measurement is compat-
ible with the SM within less than 1.5σ. But, the aver-
age of these measurements together with the results by
BABAR[6, 16] yield an excess close to 5σ. However, the
2HDM of Type II is not preferred by the Belle measure-
ments. The results for B → Dτν and B → D∗τν re-
quire incompatible values of the ratio of 2HDM param-
eters tan βmH . A similar conclusion is drawn from the recent
measurement of B→ D(∗)τν by the BABARcollaboration
[16].
A new hadronic tag analysis by Belle is in prepara-
tion. The whole Belle dataset and the latest full recon-
struction algorithm will be used.
4. Inclusive B → Xs+−
We measured the forward- backward asymmetry AFB
in the inclusive decay B → Xs+−. The B meson de-
cays through a loop or box diagram in which non-SM
contributions may change the angular distributions. We
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call an event a forward (backward) events if the angle
between the + and the B is smaller (larger) than 90◦ in
the +− rest-frame and thus the asymmetry is deﬁned as
AFB =
N(<90◦)−N(>90◦)
N(<90◦)+N(>90◦) , with N being the observed num-
ber of events in the denoted region.
The AFB has been measured previously in exclusive
B→ K(∗)+− decays by the Belle, BABAR, CDF, LHCb
and CMS collaborations [19, 5, 2, 1, 10]. However, the
uncertainty on the theoretical prediction is much lower
for the inclusive decay. Especially the zero crossing
point AFB(q2) = 0, with q2 being the squared four-
momentum of the two lepton system, can be predicted
precisely. For this analysis a ‘sum of exclusives’ ap-
proach is chosen, i. e. the Xs is reconstructed in Xs →
Knπ, with n < 4, which covers 50% of the total Xs
width.
In this untagged analysis the signal is extracted
from the ‘beam-energy constrained mass’ mbc =√
E2beam − p2B using the beam-energy Ebeam and the mo-
mentum of the reconstructed B meson pB. Certain re-
gions in q2 had to be vetoed because of resonant char-
monium decays cc¯ → +−, namely J/Ψ and Ψ(2S) de-
cays. These regions have been obtained separately for
ee and μμ.
The resulting AFB(q2) is shown in Figure 2. Within
the statistical uncertainties our result is compatible with
the SM prediction.
Figure 2: Measured AFB in bins of q2 shown as dots with error bars.
The veto regions for e+e− and μ+μ− ﬁnal states are shown in magenta
and cyan, respectively. The red band and dotted boxes show the con-
tinuous and binned SM prediction with its uncertainty, respectively.
5. B → ηKSγ
We search for a signiﬁcant amount of CP violation
in the decay B → ηKS γ. In the SM, the helicy of the
photon is either left or right handed when coming from
a decay of a B0 or B¯0, respectively. Thus, there is no
common CP eigenstate in the decay B → ηKS γ for B0
and B¯0, or to be more precise, it is suppressed by a factor
of msmb .
A non-SM contribution may change the helicity
structure in the loop and lift the suppression of left
handed photons in the B0 decays. By this, a measurable
amount of time dependent CP violation may be induced.
The time dependent CP asymmetry is deﬁned as
aCP(Δt) = ACP cos(ΔmΔt) + SCP sin(ΔmΔt), (1)
with the mass diﬀerence Δm of the heavy and light mass
eigenstate of the B meson, the time diﬀerence Δt be-
tween the decay of the two B mesons andACP and SCP
the contribution from direct and indirect CP violation,
respectively.
The time between the decays of the two B mesons
in the event is estimated from the distance of their two
decay vertices. The ﬂavour of one of the B mesons is
tagged by an algorithm [15] that uses e. g. the charge of
a fast promt or a slow secondary lepton to distinguish
between B0 and B¯0.
The signal is extracted in a 3D unbinned ML ﬁt to
mbc, the diﬀerence of beam-energy and reconstructed B
meson energy ΔE = EB − Ebeam, and the classiﬁer out-
put of a neural network which is formed to separate BB
from qq events by using the topology of the event.
Events may lack of timing information if the signal
side does not have enough information for suﬃcient ver-
tex reconstruction, e. g. if η → γγ or a poorly recon-
structed KS vertex. We use these events without timing
information, too, to constrainACP.
The resulting distributions for B0 and B¯0 are shown
in Figure 3. The obtained values are
ACP = −0.48 ± 0.41 ± 0.07 (2)
SCP = −1.32 ± 0.77 ± 0.36.
6. Bs → γγ and Bs → φγ
The following two analyses have been performed on
the 121 fb−1 Υ(5S ) Belle data set. The Bs in these anal-
yses are produced in the reaction Υ(5S ) → B∗s B¯∗s and
B∗s → Bsγ, that have a probability of 18% and 100%,
respectively.
In the SM B (Bs → γγ) ≈ 5 × 10−7 and
B (Bs → φγ) ≈ (4 ± 1) × 10−5. Both decays have been
studied by Belle previously, using only a 24 fb−1 sub-
sample, resulting in B (Bs → γγ) < 8.7 × 10−4 and the
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Figure 3: Final result of the search for time-dependent CP violation.
The data is shown as black dots with error bars. The background is
shown as dotted and background plus signal as solid lines.
ﬁrst observation B (Bs → φγ) = (5.7+2.2−1.9) × 10−5 [20].
The upper limit is calculated at 90% conﬁdence level
(CL).
For both analyses a neural network is trained to sepa-
rate BB from qq events using event shape variables. The
φ is reconstructed in the two kaon ﬁnal state.
The Bs → γγ signal is extracted in a 2D unbinned
ML ﬁt to mbc and ΔE as shown in Figure 4. No signal
events have been observed and an upper limit at 90%
CL is calculated to
B (Bs → γγ) < 3.0 × 10−6.
For Bs → φγ a 4D unbinned ML procedure is set
up. The extraction variables are mbc, ΔE, the neural
network output as well as cos θhel. The helicity angle
θhel is deﬁned in the φ rest frame as the angle between
the Bs and one of the kaons.
The resulting branching fraction is
B (Bs → φγ) = (3.6 ± 0.5 ± 0.6) × 10−6.
Both results are in agreement with the expectation
from the SM.
7. Search for Dark Photons
So far, there is no knowledge about the origin of dark
matter. Several theoretical approaches try to include yet
unseen heavy particles into the SM. A widely discussed
idea is the existence of a dark sector, secluded from
the SM. However, this sector my not be fully secluded
but the interaction between the dark and the SM sector
might be suppressed. In the analysis discussed here, we
assume a portal to the dark sector via kinetic mixing of
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Figure 4: Projections from the ML ﬁt for signal extraction of Bs → γγ
(upper row) and Bs → φγ (middle and lower row). The data is shown
as dots with error bars, the signal and background distributions as
solid blue and dotted red lines, respectively. The sum of both is shown
as a solid black line.
the SM photon with a dark photon A from the secluded
sector. In particular we investigate a ’Higgs-strahlungs’
channel, where the A radiates oﬀ a higgs-like particle
from the dark sector, that decays again into two on-shell
dark photons. The kinetic mixing allows the dark pho-
ton to decay into a pair of charged SM particles, giving a
quite unique six prong signature. A detailed discussion
is available in [7]. The mass ranges of the dark photon
and Higgs are well suited for the B factories, e. g. the
particles are expected to decay inside the detector.
This analysis uses the full Belle dataset with 977 fb−1
integrated luminosity. Ten exclusive channels and three
inclusive ones are considered. The dark photon is re-
constructed as a lepton pair or a pair of charged pions or
kaons. In case of the inclusive channels only two of the
three dark photon candidates are reconstructed directly.
The signal is extracted in the mass diﬀerence be-
tween the heaviest and the lightest dark photon candi-
date m1 −m3 which is studied in bins of the mass of the
heaviest candidate. Signal events are expected at low
mass diﬀerences. This analysis is performed as a blind
analysis, thus it is crucial to estimate the background
in the signal region. Therefore, samples of wrongly re-
constructed dark photon candidates are used. The can-
didates are reconstructed in e. g. A → ++. These so
called ’same-sign’ samples are normalised in to the ac-
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tual analysis sample in the side band region, i. e. at high
values of m1 − m3. No signiﬁcant excess over the back-
Figure 5: Obtained limits on the dark photon and higgs production
cross sections by Belle and BABAR in solid and dashed lines respec-
tively.
ground estimate is found, thus upper limits are derived
as shown in Figure 5 We found that for this analysis the
limit scales linearly with the integrated luminosity, thus
this analysis will enormously beneﬁt from larger data
samples as it will be available at Belle II.
8. Conclusions and outlook
So far, no hints for NP have been observed at the
B Factories, except a deviation of B
(
B→ D(∗)ν
)
from
the SM prediction.
Our measurement of the leptonic decay B → τν is
compatible with the SM and decreases the tension of
the world average value and the SM prediction.
The semileptonic decay B→ D(∗)ν has not yet been
measured with the full Belle dataset. A new analysis us-
ing hadronic tagging and a signal extraction procedure
in two variables will be ﬁnished soon. Available mea-
surements show a deviation from the SM when aver-
aged, whereas the single measurements are compatible
with the SM prediction.
If considering a 2HDM of Type II, regions in the tan β
and mH plane are excluded by the result for B→ τν. In
addition to the conclusions drawn from the B→ D(∗)τν
measurements, it is found that the results for B → τν,
and B → D(∗)τν prefer incompatible ratios of tan βmH , too.
Thus, the 2HDM Type II is disfavoured by the B Facto-
ries.
The analyses of decays through loop or box diagrams
show no hints for NP. The measured forward-backward
asymmetry in B → Xs+− is compatible with the SM
expectation as well as the time-dependent CP violation
in B→ ηKS γ. Both analysis are limited by statistics.
Furthermore, we have studied Bs meson decays into
the γγ and φγ ﬁnal states. For the former the most strin-
gent upper limit was derived and the measured branch-
ing fraction of the latter matches well the prediction by
the SM.
A search for a Dark Photon from a secluded sector
was carried out in a ‘Higgs-strahlungs’ channel, i. e. ex-
pecting a clear six prong signature, on the full e+e−
Belle dataset. No signiﬁcant excess above the back-
ground estimate was observed and limits on the produc-
tion fraction and couplings are derived. It’s found that
the limits in this analysis scale linearly with the inte-
grated luminosity.
Nearly all discussed analyses are limited by statistics
and thus will beneﬁt from the large Belle II data set,
which is expected to reach 50 fb−1 in 2023.
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